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The enzyme sphingomyelinase (sphingomyelin phos-
phorylcholine phosphohydrolase, E.C.3.1.4.12) which hy-
drolyzes sphingomyelin to ceramide (N-acylsphingosine) 
and phosphorylcholine was identified in the subcellular 
fractions of pig and human epidermis. The enzyme has 
an optimum pH of 4.5 to 5 and is activated by Triton X-
100 (0.1% w /v). Approximately two-thirds of the enzyme 
activity in both the pig and human epiderm.al homoge-
nates was in the soluble subcellular fraction and more 
than half of the enzyme activity in the subcellular par-
ticulate fraction was solubilized by freeze-thawing. The 
pH optimum suggests that epidermal sphingomyelinase 
is probably a lysozomal enzyme. The enzymes in both 
pig and human epidermis exhibited Michaelis-Menten 
kinetics. The soluble sphingomyelinase in pig epidermis 
had an apparent Km, 4.5 X 10-5 M and that in human 
epidermis an apparent Km, 7.7 x 10-5 M. The pig epider-
mal sphingomyelinase had no special requirement for 
either divalent or heavy metal ions and was not inhibited 
by sulfydryl group-blocking agents but it was moder-
ately inhibited by dithiothreitol. No evidence was found 
in either pig or human epidermis for the presence of a 
phospholipase C (E.C.3.1.4.3) which hydrolyzes phospha-
tidylcholine to diglyceride and phosphorylcholine but 
there was suggestive evidence of another catabolic path-
way for phosphatidylchoij.ne. 
In the viable cells of mammalian epidermis as in the cells of 
most other adult tissues there is a phospholipid concentration 
equilibrium maintained by phospholipid metabolism. However, 
in the fmal stages of epidermal cell differentiation the phospho-
lipids are completely catabolized and the fully differentiated 
product is the tough anuclear stratum corneum cell which 
forms, and is continually shed from, the skin surface. The 
degradation of cell organelles, membrane systems and compo-
nents such as phospholipids probably occurs predominantly in 
the upper granular layer of the epidermis [1] and it would be 
expected that many hydrolases would be more active in the 
granular layer than in the lower, spinous and basal layers of the 
epidermis. 
It was noted previously [1] that the catabolism and conse-
quent loss of sphingomyelin in the granular cells of pig and 
human epidermis was accompanied by a corresponding increase 
in the amount of ceramide (N -acylsphingosine) in the total lipid 
in the cells. This suggested that the enzyme(s) responsible for 
the initial catabolism of sphingomyelin and also possibly of the 
major epidermal phospholipid, phosphatidylcholine, might be 
of the phospholipase C family. We have studied the action of 
subcellular fractions of human and pig epidermis on 2 sub-
strates, (Methyl- 14C)-sphingomyelin and (Methyl- 14C)-phos-
phatidylcholine, and we present evidence for the presence of a 
specific sphingomyelinase (sphingomyelin phosphorylcholine 
phosphohydrolase, E.C.3.1.4.12) in epidermis. Several proper-
ties of the enzyme are described. 
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cember 12, 1977. 
Reprint requests to: Dr. G. M. Gray, MRC Skin Unit, The Medical 
School, Birmingham B15 2TJ, England. 
MATERIALS AND METHODS 
Protein was determined by the method of Hartree [2). 
Materials 
e•c)-methyl iodide was obtained froin the Radiochemical Centre, 
Amersham, U.K., phosphatidylcholine from Sigma Chemical Co., Lon-
don, U.K., and Triton X-100 from Koch-Light, Colnbrook, Bucks., U.K. 
Sphingomyelin was isolated from natural sources in the course of 
previous work [3]. All other chemicals and solvents were of analytical 
grade and solvents were redistilled. 
Preparation of (Methyl -14 C)-Sphingomyelin. and (Methyl- 14 C}-
Phosphatidylcholine 
The method of Stoffel, Lekim, and Tschung [4), whereby sphingo-
myelin or phosphatidylcholine was demethylated and then remethyl-
ated with a ("C)-methyl group, was used with some modifications. The 
demethylating agent sodium thiophenolate was prepared by the 
method of Jenden, Hamin, and Lamb [5] but we found methanol to be 
a more suitable solvent than ethanol. In our hands the conditions for 
remethylation described by Stoffel, Lekim, and Tschung [ 4) for the 
preparation of labeled phosphatidylcholine also produced unacceptable 
levels of partially deacylated phospholipid and even glycerophosphor-
ylcholine. Deacylation did not occur with the following procedure. 10 
J.Ll of 0.1 M sodium hydroxide solution in a screw-capped tube was dried 
under vacuum over phosphorus pentoxide and then redissolved in dry 
dimethylsulfoxide (100 J.Ll). Ceramide-1-phosphoryi-N,N-dimethyle-
thanolarnine (demethylated sphingomyelin), 15 J.Lmoles, or phosphati-
dyl-N ,N -dimethylethanolamine ( demethyla ted phosphatidylcholine) , 
15 J.Lmoles, was added to the solution followed by 3.6 J.Lmoles of (' ~ C) ­
methyl iodide (specific activity 55 Ci!J.Lmole). The reaction for sphin-
gomyelin was essentially complete after 5 hr at 21 ° and that for 
phosphatidylcholine after 3 hr at 85°-90°. The reaction mixture was 
acidified with 2 M hydrochloric acid and partitioned between chloro-
form (2 ml) and water (2 ml). The chloroform phase was washed 3 
times with water (2 ml) and then evaporated to dryness and any 
remaining unlabeled demethylated sphingomyelin or phosphatidylcho-
line removed from the labeled lipid by silicic acid chromatography [4]j 
The purity of the labeled sphingomyelin and phosphatidylcholine was 
checked by thin-layer chromatography on silica gel H (Merck, Dru·ms-
tadt, W. Germany) with solvent systems (a) chloroform:methanol:water 
(80:20:3 by vol); (b) (65:25:4 by vol) ; (c) (12:7:1 by vol) and (d) chloro-
form:methanol:4 M aqueous ammonia (65:25:4 by vol) . The pure labeled 
lipids were stored in chloroform at -20°C. Specific activity of (Methyi-
14C)-sphingomyelin, 0.38 J.LCi!J.lmole in 70% yield; specific activity of 
(Methyl- 14C) -phosphatidylcholine, 0.32J.lCilllmole in 50% yield . 
Preparation of Subcellular Fractions 
The skin from pigs ears was obtained within 2 lu· of death. The ears 
were washed with cetrimide (cetylmethylammonium bromide, 5% w/ v 
aqueous solution) and water, and the hairs were removed with clippers. 
Normal human skin was obtained from legs within 1 hr of amputation. 
Epidermal slices were taken from the skin with a Castroviejo kerato-
tome (0.2 mm cut) [6]. Histologic examination indicated that approxi-
mately 70% of the slice was epidermis and the remainder was lru·gely 
acellular dermis [1]. The slice was weighed, fmely minced wi th scissors 
and transferred to a glass tube (25 mm diameter) containing 10 mM 
sodium bicarbonate (3 ml/ gm of epidermis) . The usual homogenizing 
medium, 0.25 M sucrose, interfered with the subsequent separation of 
products by paper clu·omatography. The tissue was homogenized with 
a Polytron PT.20 homogenizer (Kinematica, Lucerne, Switzerland) for 
10 sec at speed setting 3 and the homogenate filtered t lwough nylon 
bolting cloth with a hole size of 0.13-mm square. (Nybolt 10-132, John 
Stanier, Manchester M3 1FD, U.K.) . The residue was rehomogenized 
in a similar volume of 10 mM sodium bicarbonate and filtered. The 
combined ftltrates were centrifuged at 380 g for 10 min at 4 °C in the 8 
X 50 ml fixed-angle rotor of an MSE 18 high-speed centrifuge (Mea-
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suring & Scientific Equipment Ltd. , Manor Royal, Crawley, Sussex, 
U.K.). The supernatant was removed and centrifuged at 120,000 g for 
90 min at 4°C in a Beckmann 60Ti fixed angle rotor. 
To measure a possible dermal contribution to the total enzyme 
activity in the epidermal slices we carried out the following procedure. 
Pig epidermal slices were incubated for 1.5 hr with trypsin (0.01%) at 
37° [1) after which time the dermis was gently separated from the 
epidermis with forceps. The separated pieces of epidermis and dermis 
were rinsed in phosphate buffered saline containing trypsin inhibitor 
and were then homogenized separately in 10 mM sodium bicarbonate. 
The homogenates were filtered (Nybolt, 20 J.t) to remove either frag-
ments of stratum corneum or dermal collagen and the ftltrates were 
each assayed for enzyme activity. 
In a typical experiment, 20 gm of pig epidermis or 10 gm of human 
epidermis were homogenized and the pellet sedimenting at 120,000 g 
(particulate fraction) was resuspended in 10 mM sodium bicarbonate 
(pig pellet, 10 rnl; human pellet, 5 rnl; each contained approximately 5 
to 6 mg protein/ rnl). The 120,000 g supernatants (soluble fraction) from 
pig and human epidermis contained 2 to 3 mg protein/mi. Assays for 
enzyme activity were carried out on appropriate dilutions of the partic-
ulate and soluble fractions. 
Assay of Sphingomyelinase Activity 
The incubation mixture contained potassium acetate buffer pH 4.5 
(final concentration 60 mM), Triton X-100 (final concentration 0.1% 
w/v), 0.16 J.tmoles of (Methyl- 14C)-sphingomyelin (1.28 X 104 dpm), 
CaC!,, 20 mM. and the subcellular fraction from epidermis (0.1 to 0.5 
mg protein) in a total volume of0.4 mi. The lipid substrate in chloroform 
was put into a test tube and the chloroform evaporated with nitrogen. 
Triton X-100, buffer and, finally, the subcellular fraction were added 
and the mixture was incubated for 1 hr at 37°C. The reaction was 
terminated by the addition of 0.5 ml of water and 2 rnl of chloroform-
methanol (2:1 v/v). The aqueous upper layer was removed and added 
to 10 rnl of PCS liquid scintillator/solubiliser (Amersham/Searle, Ar-
lington Heights, Illinois, U.S.A.) and. the radioactivity in the water 
soluble products measured with a liquid scintillation spectrometer. This 
assay system with Tris-acetate buffer, pH7 was used to measure phos-
pholipase C activity with (MethyV'C)-phosphatidylcholine as sub-
strate. Under the conditions of assay, with excess substrate, the reaction 
rate was proportional to the protein concentration up to about 1.0 
mg/ ml. At constant protein concentration the reaction rate was also 
proportional to time over a period of 3 hr. 
Separation and Identification of the Products of Enzymatic 
Hydrolysis 
In order to obtain the maximum quantities of hydrolysis products 
necessary for their unambiguous identification and at the same time to 
conserve our limited amounts of Methyi- 1'1C-labeled substrates, the 
conditions for enzymatic hydrolysis were modified from the standard 
assay procedure. Reaction mixtures (0.8 rnl) containing 30-40 nmoles 
of (Methyl-1'1C)-sphingomyelin or (Methyl- 1'C)-phosphatidylcholine, 
the appropriate buffer (pH 4.5 or pH 7), and 1 mg of protein from either 
the particulate or soluble fractions of pig and human epidermis were 
incubated for 5 hr. The reaction was stopped by the addition of 
chloroform-methanol (4.0 ml of 2:1 v/v) and water (1.0 ml). The 
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aqueous layer was removed and 1 J.tmole of unlabeled phosphorylcho-
line, choline and glycerophosphorylcholine were each added as chro-
matographic markers. 
The aqueous layer was evaporated at 40°C with a stream of nitrogen. 
The dry residue was dissolved in 0.1 ml methanol-water (1:1 v/v) and 
chromatographed on Whatman No. 1 chromatography paper with the 
solvent system isopropanol-water-acetic acid (7:2:1, by vol; descending 
chromatography; 18 hr). The paper was air-dried and the radioactive 
compounds located on Kodirex X-ray film by autoradiography (15-day 
exposure). The paper was subsequently sprayed with Dragendorf re-
agent [7) to locate choline (Rf 0.61) and with acid-molybdate solut ion 
(8] to locate phosphorylcholine (Rf 0.10) and glycerophosphorylcholine 
(Rf 0.36). Radioactivity in the aqueous layer from the reaction mixture 
and in the products separated on the paper chromatogram was mea-
sured by liquid scintillation counting. The aqueous layer was added to 
10 ml of PCS liquid scintillator/solubilizer in a scintillation vial. The 
appropriate area of the paper chromatogram containing the labeled 
product was cut out and stirred with 1 rnl of water in a vial before 
addition of 10 ml of PCS scintillator. Equivalent blank areas of the 
paper chromatograms were also cut out and measured for background 
radioactivity. 
Lipid products in the chloroform layer were identified as follows. 
Separate samples of sphingomyelin (0.1 J.tmoles) were incubated at pH 
4.5 with an aliquot (1 mg of protein) of the soluble fraction from pig 
epidermis for 0, 30, 60 and 120 min. The reaction was stopped by the 
addition of water (1.0 rnl) and chloroform-methanol (2:1 v/v) (4.0 ml). 
The chloroform layer was removed and evaporated with a stream of 
nitrogen. Dole's reagent (isopropyl alcohol-heptane-0.5 M H 2S0.1, 
40:10:1, by vol) (1.0 ml), heptane (0.6 ml) and water (0.5 rnl) were added 
to each sample, shaken and the heptane phase removed and taken to 
dryness. The lipid products were identified by thin-layer chromatog-
raphy on silica gel H (Merck, Darmstadt, W. Germany) with the solvent 
system chloroform-methanol-4 M aqueous ammonia (40:10:1 by vol), by 
comparison with standard dipalmitoyl-glycerol, ceramide and oleic acid. 
Compounds were visualized by spraying the thin-layer plate with 50% 
(v/v) H2SO .. and heating for 20 min at 180°C. 
RESULTS 
Homogenates of pig epidermis from which contaminating 
dermis had been removed previously by treatment with trypsin 
hydrolyzed, at pH 4.5 (Methyl- 14C)-sphingomyelin. The activity 
of the separated epidermal homogenate was 38 nmoles of 
(Methyl- 14C)-sphingomyelin hydrolyzed/rug protein/hr (mean 
of 3 preparations) compared with 33 nmoles hydrolyzed/rug 
protein/hr by the homogenate of the whole epidermal slice 
(mean of 3 preparations). Homogenates of the separated dermis 
also hydrolyzed (Methyl- 14C)-sphingomyelin (20 nmoles/mg 
prote.in/hr; mean of 3 preparations) but to a much lesser extent. 
The enzyme activity in the epidermal homogenate accounted 
for 88% (mean of 3 preparations) of the total activity of the 
epidermal plus dermal homogenates. These results indicated 
that the enzyme activity in homogenates of whole epidermal 
slices was predominantly epidermal in origin with only a minor 
contribution from the attached dermis. 
TABLE I. Hydrolysis of sphingomyelin and phosphatidylcholine by subcellular fractions of pig and human epidermis 
Subcellula r fTaction 
Substrate Water-soluble Solubl e (120,000 g supernatant) Particulate (120,000 g pellet) hydrolysis products 
Human Pig Human Pig 
Sphingomyelin" Phosphorylcholine 10.30" 11.42 2.37 1.90 
(10.39)" (12.13) 
Choline 2.93 3.95 0.56 0.53 
(0.98) (1.47) 
Phosphatidylcholine Glycerophosphorylcholine 0.33 0.88 0.11 0.15 
(0.33) (0.19) 
Phosphorylcholine 0.21 0.07 0.18 0.04 
(0.08) (0.03) 
Choline 0.16 0.12 0.87 0.52 
(0.68) (0.56) 
"Values are of amounts of (Methyi-'''C) hydrolysis products in nmoles produced per mg protein in 5 hr. 
" Values in parentheses are for reaction mixtures to which 11-'mol phosphorylcholine was added before incubation. 
' Experimental conditions were as described in text under "Separation and identification of the products of enzymatic hydrolysis." Enzymatic 
hydrolysis of sphingomyelin was done at pH 4.5, that of phosphatidylcholine at pH 7. 
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FIG 1. Kinetics of pig epidermal sphingomyelinase. (A) Rate of 
hydrolysis of (Methyl- 14C)-sphingomyelin by the pig epidermal soluble 
fraction as a function of (Methyl-' ''C)-sphingomyelin concentration. 
The reaction velocity vis expressed in nmol of (Methyl-'''C)-sphingo-
myelin hydrolyzed in 1 hr at 37° under assay conditions described in 
Methods section. (B) Reciprocal of the rate of hydrolysis of (Methyl-
14C)-sphingomyelin as a function of the reciprocal of (Methyl-' 4C)-
sphingomyelin concentration [S]. The reaction velocity v and condi-
tions for assay are as for A. 
The particulate and soluble subcellular fractions from pig 
and human epidermis hydrolyzed, at pH 4.5, (Methyl- 14C)-
sphingomyelin. The only radioactive products were water-sol-
uble and the major component co-ch:romatographed with phos-
phorylcholine and the other, minor, component with choline 
(Table 1). We found that if nonradioactive phosphorylcholine 
was added before incubation with the enzyme fraction, the 
amount of (Methyl- 14C-choline produced from (Methyl- 14C)-
sphingomyelin in the reaction mixture was less than that pro-
duced in reaction mixtures without added phosphorylcholine 
(Table 1). The only other product of the reaction was soluble in 
chloroform, was not radioactive, and its amount increased with 
the reaction time. It co-chromatographed with authentic cer-
amide. These same subcellular fraction did not hydrolyze 
(MethyV 4C) -phosphatidylcholine at pH 4.5. This evidence 
showed that both pig and human epidermis contained a sphin-
gomyelinase (sphingomyelin phosphorylcholine phosphohydro-
lase, E.C.3.1.4.12). The enzymes from both sources exhibited 
Michaelis-Menten kinetics (Fig 1). The apparent Km for the 
enzymes in the soluble fractions of pig and human epidermis 
were 4.5 X 10-5 M and 7.7 X 10- 5 M respectively. The apparent 
Km for the enzymes in the corresponding particulate fractions 
were 1 X 10-4 M and 6.5 X 10- 5 M respectively. For a particular 
experiment, under optimal conditions of assay (see Methods 
section), the enzyme activities of the total homogenate (fil-
tered), the soluble fraction and the particulate fraction from pig 
epidermis were 42, 41 and 64 nmoles of sphingomyelin hydro-
lysed/mg protein/lu· respectively. Corresponding values of frac-
tions from human epidermis were 28, 30 and 36 nmoles/mg 
protein/hr. With our procedure for preparing subcellular frac-
tions of epidermis approximately two-thirds of the total sphin-
gomyelinase activity was consistently obtained in the soluble 
fraction (120,000 g supernatant) and the remaining third in the 
particulate fraction. However, about 60% of the total sphingo-
myelinase activity in the particulate fraction could be made 
soluble by several cycles of freezing the fraction, suspended in 
10 mM sodium bicarbonate, at -25° and then allowing it to 
thaw at room temperature (21 °). About half of the total solu-
bilized activity was obtained after the first freeze-thaw cycle. 
The enzymes in the epidermal fractions were stable if kept 
frozen at -25° for at least several weeks with little loss of 
activity. A more rapid decrease in activity occurred, especially 
in the soluble fraction, if the fractions were subjected to several 
Creeze-thaw cycles during the same period. 
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FIG 2. Effect of pH on activity of epidermal sphingomyelinase. (A) 
Soluble sphingomyelinase from pig epidermis; (B) Soluble sphingo-
myelinase from human epidermis. The assay of activity was carried out 
as described in the Methods section in acetate buffers below pH6 and 
in Tris-acetate buffers above pH6. 
Effect of pH, Triton X-100, Metal Ions, EDTA, 
o-Phenanthroline and Sulfydryl Reagents 
Sphingomyelinase activity was optimal in both the soluble 
and particulate fractions from pig and human epidermis at 
about pH 4.5 (Fig 2). There was a sixtyfold increase in enzyme 
activity in the presence ofO.l% (w/ v) Triton X-100, a non-ionic 
detergent and all assays of enzyme activity were therefore done 
with Triton X-100 present. The choice of detergent concentra-
tion (0.1%, w/ v) was based on the studies of Yedgar and Gatt 
[13]. The effect on enzyme activity of divalent metal ions and 
EDT A was assessed by adding these agents to the enzyme 
fractions 15 min before incubation with substrate under the 
standard assay conditions. The divalent ions Ca2+, Mg2+, Co2+ 
and Mn2+ (final concentration in assay mixture, 15 mM) pro-
duced a slight increase (20%) in the sphingomyelinase activity 
of the soluble fraction from pig epidermis but Zn2+ inhibited 
(60%) enzyme activity. EDTA was slightly inhibitory at 0.5 mM 
and at 50 mM (13% and 25% inhibition respectively) and 50 mM 
EDT A nullified the small increase in enzyme activity in the 
presence of divalent ions. Ortho-phenanth:roline (10 mM) had 
no effect on enzyme activity. Other subcellular fractions were 
not tested. Sphingomyelinase activity of the soluble and partic-
ulate fractions from pig epidermis was not inhibited by either 
pamhydroxymercuribenzoate or N-ethylmaleirnide (Table II) 
but was moderately inhibited by 5 mM and 10 mM dithiotlu·eitol. 
Other Phospholipase Activity 
Though the epidermal fractions did not hydrolyze phospha-
tidylcholine at pH 4.5, some hydrolysis did occur at pH 6 to 7. 
This enzyme activity toward phosphatidylcholine was not in-
creased significantly (only by 1.2 times) by the presence of 
Triton X-100. Products of hydrolysis were identified as glycer-
ophosphorylcholine, phosphoryl choline and choline (Table I). 
Glycerophosphorylcholine was the major hydrolysis product 
produced by the epidermal soluble fractions and choline was 
the major product produced by the epidermal particulate frac-
tions (Table I) after a 5-h:r reaction time. There was no signifi-
cant difference in the amount of (MethyV4C)-choline formed 
by pig and human particulate fractions in reaction mixtures 
containing nonradioactive phosphorylcholine added before in-
cubation with enzyme and in similar reaction mixtures without 
added phosphorylcholine. There was some increase in the 
amount of (Methyl- 14C)-glycerophosphorylcholine and a de-
crease in the amount of (Methyl- 14C)-phosphorylcholine pro-
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TABLE II. Effect of sulfydryl reagents on the sphingomyelinase in the 
soluble and particulate fra ctions from pig epidermis 
Enzyme activity expressed as 
percentage of control 
Final for each fraction 
Agent'' conc(j Soluble Particulate (mM) fraction fraction 
(!20,000 g (120,000 g 
supernatant) pelle t) 
Control (no additions) 100 ± 2.5'' 100 ± 7.8 
Pru·ahydroxymercuribenzoate 0.2 100 123 
2.0 105 105 
3.3 88 105 
N-ethylmaleimide 0.2 97 130 
2.0 96 11 9 
3.3 97 Ill 
Dithiothreitol 0.2 90 102 
1.0 87 79 
5.0 66 64 
10.0 60 48 
° Concentration in assay mixture. 
. ' Agents were added to the subceUular fractions 15 min prior to incubation 
w1th substrate. Enzyme assay was carri ed out as described in tex t under " Material 
and Methods." 
' Standard deviation , n = 3. 
duced by pig particulate fractions in reaction mixtures contain-
ing added phosphorylcholine. 
DISCUSSION 
Sphingomyelinase (sphingomyelin phosphorylcholine phos-
phohydrolase E.C.3.1.4.12) is one of several phospholipid phos-
phodiesterases covered by the general term phospholipase C 
[9]. Our results show conclusively that pig and human epidermis 
~oth contain a sphingomyelinase which degrades sphingomye-
lm to ceramide and phosphorylcholine. The enzyme activities 
(42 and 28 nmoles substrate hydrolysed/ mg protein/ hr respec-
tively) in ftltered homogenates of pig and human epidermis are 
of a similar order of magnitude to that (14.5 nmoles substrate 
hyd.rolysed/ mg protein/ hr) in homogenates of human brain 
~10]. It .is generally accepted that in animal tissues the enzyme 
IS localized predominantly in the lysozomes [ll] though there 
may be exceptions [12]. Epidermal sphingomyelinase has a 
maximum activity at pH 4 to pH 5 which suggests that it is also 
localized in the lysozomes. The properties of the sphingomye-
linases in the epidermal soluble fraction and in the epidermal 
particulate fraction were similar and it is reasonable to assume 
that they are the same enzyme. The fact that much of the 
enzyme activity in the particulate fraction can be solubilized by 
freeze-thawing suggests that the sphingomyelinase in this frac-
tion is probably contained within intact membrane-bound or-
ganelles. 
Epidermal sphingomyelinase is apparently activated by Tri-
ton X-100 but the increased activity is most likely due to the 
increased availability of the substrate at the surface of mixed 
micelles formed with the detergent [13]. The enzyme in pig 
epidermis is moderately inhibited by zn+ ions and has no 
special requirement for divalent ions. It was unaffected by o-
phenanthroline which suggested that it had no requirement for 
heavy metal ions. N-ethylmaleimide and p-hydroxymercuriben-
zoate both enhanced the activity of the sphingomyelinase in 
the particulate fraction of pig epidermis. Schneider and Ken-
nedy [14) have reported that p-hydroxymercuribenzoate in-
crease the activity of the sphingomyelinase in human spleen. In 
common with the sphingomyelinase in human brain [10) epi-
dermal sphingomyelinase is moderately inhibited (about 50%) 
by 10 mM dithiothreitol. 
The phospholipase C (E.C.3.1.4.3.) which hydrolyzes phos-
phatidylcholine to diglyceride and phosphorylcholine is not 
present in either pig or human epidermis. Our evidence suggests 
that in the soluble epidermal fractions phosphatidylcholine is 
pro.bably hydrolyzed by a phospholipase A (A 1 and/or A2), 
which has been identified in epidermis [15), and a lysophospho-
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lipase to glycerophosphorylcholine (Table I). This is subse-
quently hydrolyzed, possibly by a phosphodiesterase simila1· to 
that in brain [16], to either phosphorylcholine (Table I) and 
glycerol or glycerophosphate and choline (Table I) . Hydrolysis 
of the phosphatidylcholine by the epidermal particulate frac-
tions produced a much greater proportion of (Methyl- 14C)-
choline in the labeled products. The catabolic pathways could 
be similar to those which we have suggested might occur in the 
epidermal soluble fractions, but the pathway from glycerophos-
phorylcholine direct to choline by the action of a phosphodi-
esterase may be much more active than the pathway via phos-
phorylcholine. The distribution of Methyl-14C-label when en-
zymatic hydrolysis occurred in the presence of excess nonradio-
active phosphorylcholine suggested that in the human epider-
mal particulate fraction some product inhibition may occur in 
the conversion of glycerophosphorylcholine to phosphorylcho-
line. The possibility that choline may be produced by direct 
release from phosphatidylcholine by a phospholipase D 
(E.C.3.1.4.4.) seems most unlikely in view of the absence of any 
evidence for the presence of this enzyme in animal tissue. For 
the same reason the free choline produced following the action 
of epidermal sphingomyelinase on sphingomyelin is probably 
the result of some hydrolysis of phosphorylcholine by an acid 
phosphatase rather than an alternative hydrolysis of sphingo-
myelin by a phospholipase D. Support for the former pathway 
to free choline was obtained from experiments where the addi-
tion of nonradioactive phosphorylcholine to the reaction mix-
ture, containing (Methyl- 14C)-sphingomyelin and the epidermal 
subcellular fraction, prior to incubation considerably reduced 
the amount of (Methyl- 14C)-choline formed (Table I). 
Epidermal sphingomyelinase is an essential component of the 
catabolic system in the epidermal cell which at the appropriate 
time degrades all cellular phospholipids before the cells move 
from the granular layer of the epidermis into the stratum 
corneum as fully differentiated, dead cells. The function of the 
enzyme may be twofold in that it not only catabolizes the large 
amounts of sphingomyelin in epidermis [17) so that the phos-
phorus can be readsorbed and reutilized by the epidermis but 
the lipi? product of the enzyme action, ceramide, is not itself 
catabohzed but remains as a major lipid component of the 
stratum corneum cell [1]. Ceramide, with cholesterol, some 
glycosphingolipid and cholesterol sulfate [1] could provide the 
ess~nti~l "polar" component of the plasma membrane lipids 
wh1ch IS necessary for the maintenance of a stable lipid phase 
in the classical bilayer form. 
We have noticed (unpublished results) that the activity of 
sphingomyelinase in psoriatic epidermis, though higher than in 
normal epidermis, may be insufficient to hydrolyze all the 
sphingomyelin in the epidermal cell before exfoliation occurs 
since about 80% of the phospholipids in psoriatic scales consist 
of sphingomyelin (55%) and N-acylphosphatidylethanolamine 
(25%). 
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Announcement 
A research conference of the Emopean Society for Comparative Skin Biology will be held at 
University College Hospital Medical School (University of London), September 19-22, 1978. 
The meeting will include: offered papers on cell structme and function, permeability and barrier 
function, and control mechanisms, a guest lecture on the skin in immunology by Professor N. A. 
Mitchison, FRS, and a poster exhibition. There will be discussion group sessions on mucogenesis, cell 
growth and proliferation, and keratinization. 
Details may be obtained from Dr. P. A. Riley, Department of Biochemical Pathology, University 
College Hospital Medical School, University Street, London WC1E 6JJ. The booking fee is £8 for 
members (and those who have applied to join the Society), £12 for nonmembers, and £3 for students. 
